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( a) * 1 + fc**W***tr y? 0 . 3 1 

(b) fulfill OH»^x^ll2<7)7X*^^^^i-^-i:^ioT. 



©il©iI±CS i G e I Cxe^i/t^ifcliS i G e : a©xt'^y^V 
5 ] 

miBi»«^ i « k & t . tu ibbosse w ^ y tf * * ^> * )vmw <d tr * * v * 
ttr lawrats* 1 * v> -c . ttria^ e * * v « h b t <o ^ - * «<o-iri^ * * 

8 ] ^_ 

lfflBW*«^l^^i3^T, «TIB^tr^^">^^»ttS*S iGelMISFET^f 

[If l 1 1 

[it^ 1 4 ] 
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■fh S i G e : C ^ff^i#il©ll»i:»]l LTt»4S«i:»t4 4 ©t^ 

}IH ;t V- x^-^y^tKy^^^tlU W«- if* * U&m.<0±Mfr h * 
Si, SiGeJfcttSiGe Cififtb tiZffim®.&C V D^«**#M 2 0 0 3 - 2 0 3 
[0 0 0 3 ] 

tf , ^j^/HKJfctfi&ffi^&JKfcS i JgisitfS i G e tfcttS i G e C»#<b*£ 

SiGeSfcliS i G e C*fe45V-^±t) t KV>f >»^US 0, SiGeJ 
/ciiS i G e C*f)4*V-Xi*J:a t Kl"f yfWgW^ 1 mM^JsMe £ 0 
J^K* ±tf (b fitz^^mi- &MO S aW#8b* h 9 > 9 2 0 0 2 - 2 3 

7 5 9 0-^<2r# (#lt»2) KH^S*LTV>So 

[#!?» 1 ] B#l 2003-203872 -^<&# 
2 ] H«P3 2002-237590 -f-^fR 

ms^iH^*^ < t4fc*HBT (Hetero-j unction Bipolar Transistor : ^xn^ 
7>v**"e&t3. 0Ox.tfS i Gets i©J:HSt»*W^H-^U5 7 

jl^SiGeCC (**) «U:SiGe:C^HBT<D^«U| 
5l§tLTV>* 0 C(4S i ^G e ^Jrb^TJl^^S^/J^V^^-e^^- ^^^^ SiGe 
•Cli, SiGeiD ^JfeSfca** S < * «? . £ ttf-?£ &o £ <b 

^LTHBTWilM^^l^uL-CLS do L^L, S i G e K C fciftfirf * £ K 

Jibfc ° SiGe: CttHBTO*4e»f, l»F^yxnftWMI S • 
FET (Metal Insulator Semiconductor Field Effect Transistor) <7>^*;W-JSv* 
(btLTV^o S iifaCfa^ilTS i/SiGe: C*j6*3&Si-* S i® 
SiGe: C©Wit®iCi^^S i I'M^-^x. o ttU-J: 

[0 0 0 7] 
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L^L&T^ xe^^rVt^ftCi «J&£*L& Si/SiGe: CCOV>Ttt, 
[0008] x-**m- 

S i Ge : C^CVD (Chemical Vapor Deposition : 11^^*1 J&tt) ^SfcrfflV* <- :r - 
t^^->^;V^t:i^)Mt^o Ifl-#7t:(±S i H2CH2, SiHsCHs, G e H 4 

S i G e : C (G e?*JK 1 0%) WC, GelsiVO «^7r^^S I 

M S (Secondary Ion Mass Spectrometry : * >® ft^^ffe) £ >9 Lfc - 

:xh°**v^JW&S« O^jfcLfcS iGeiJtUl 0fS^v\ 1 x 1 0 18 c 

J 2l 0 S \ Ge I CM5t f) ^ii il^S»»0/MiiCl^i t i± G e If 

fc 0 G e -Ott^*/^- (6 5 9.4 + 1 2.6/kJmor 1 ) #\ IfeOG 

e - S i (301.0 + 21.0/kJmor 1 ) , G e -Cfe^J-*^* 

- (4 6 0.0 + 2 1.0/kJmor 1 ) , Ge-Gel^^jV^- (2 6 3. 6 ±7. 
l/kjmol" 1 ) <£^7^<> 0* S G e K^L^-fV^ fcfcgB-f* i:#x.<b*L& 

o 

fci^i, 0 S i i^-t-Zirx S i H4, SiH 2 Chf) tGe*ttn 

(i£lfGeH4) fcfcEO&S^TS i G e»*^tf^*'>-Y^ftL^:»#, UlS 
afcKtt#ffilR#&T-C*ofco CMM^IfWS iHsCHs, £/c»Ge£ 

^ftl^&JRft^G eH 4 £S i Sr^-T*^ (fUx^S i H 4 > SiH 2 Chf) fcR 
f itfiix ^ y ^ ^ £*L<bjg|*<7> S I M S K X 

v&mzti&wm^mmwkmte 1 x 1 o 18 cm- 3 x *> 1 x 1 o 17 cm- 3 ^ 

SfclilftffiRJWaTfcftofco itr^^rV-Y^ftCJ: "3 S i G e : C Sr 

^Jft-r*IR, GeS^S i H3CH3^iWiW»«^tf^i:J:otS 
i G e : C^m«^«J^iA1-& tll^Wo 

**V7 (Carrier) O 9 -f 7 * >f A (Life Time) «Tt^o Z(Dfc!t>, HBT^- 

* k & n z> ^^mm<Dim m : mmm lt, h f e (x?^ 

#) *«<g:T*r*fcv^W«*«fei ± So SfcC S i G e : CT«, BfcfclK^fcfeH 

fc&, HBTCD^- XtfcltM I S • FET^f^^^l'S i Ge : C^iv^itti 
0, HBTifcliMI S • FET©iiW<^liS»tSo 

^^oaLiix ^fcr**~>*/wfcftfc j: s i Ge i c *L*m*» 

10 0 13] 

[»S*flt*t S £>##£] 

[0 0 14] _ , , 
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fx ^ v f ;VSt t > / J i 1 1: i ^ f^^flCS iHaCHatf*^ 

£^&S i Ge : C^*tL4Bt**^iSfll*W«IE*fi****o 

1^6 1 0%CDS i H3CH 3 ^H2Ci*)MU - *L*Br5£<0«G*T * v -V 
X 1 0 19 c m" 3 WS i G e : C«rfflV>* 0 

(a) ■&mm<Dc*ttirzm 1 ©**^i2^w otttais ; 

(c) H&ia«3^^^^^^ V T*'X Lt, S i Mt^H4©W^J:VG e 

(d) TtufattSM^T, xt^^y^;V)Sfti:i*) S i Ge : C*flKt4I8o 

2 II 1 IBfc<0^^#^S^S£it^i3H'£^T, fjlfl^ 1 O^fXii. SiHsCHs, Si 
H 2 (CHs) 2, S i H (CHs) 3i/:(iS i (CHs) 4"C*4. 

4. «na«o^*#siit^»iic^fe^*v>t:, itria£ i <z>#*i±s i h 3 ch 3 t~& 19, 

tfllBS i HsCHsOlSliO. 1 frh 2 0%t*5o 

5. £llB«©^&#§S1tWi^;£&fc:$3V»T, mmm 1 <£>:*f*l±S iHsCH3-?*iJ, 
TtufBS i HsCHsOM^iiO. 2^?> 1 0%T?*& o 

fufBS i HaCHs^ftKttO. 6^<b 5%T?&£o 

~C2b & o 

1 0° ^l|B«(7)«#^eom^a^i3V^T, ftflfiS i Ge : Ct:#Jtil>fW 
Ifc^OijftJ^tt 5 X 1 0 19 c nT 3 J^T-C&£ 0 

1 1. mimn^m^mw<om^m^^^ t«ies i Ge : c^tMmm^ 
awii±ixio 19 cm- 3 ams 0 

1 2. 3HlSB«tO^»#««^*3e^^* v> ^- ™s i Ge : Ci:#iitS»I^ 
WM<oWtmi 5 X 1 0 18 c m~ 3 &T^&&o 
1 3 £\T -fc^tt^^fo^M. '■ 

(a) itr^^-V^JURS^ =t Jj3&ft;&*L, C** s 3Xl 0 20 cra- 3 aTCi3H^l 
afc*#^«W X 1 0 19 cm'HlTtW S i G e : Co 

14. 3C1 3lBtto^&#3£ttKi3V>-T\ tuiaSiGe :Cf±. ;^*"-7^>v^ 
co^ — g|$£#J&1~£o 

! 5 . 5i 4tiM<D*mfm%l'&^~C^ tufas i G e : CK&ttl&G e^IKi 1 0 

i6. mi 3tmo¥m<mm^&^r, mias i g e : cii, mi sfet©^^ 

f ?^5l°6ia»cO^S#^*^i3V^T, IfJiaS i G e : Cfc^StU&G e <Z>i«tt 2 0 
6 0 % "Cab So 
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10 ° »jcr^£^^^ 

°i . &T<Di:mz$tr¥mft&w:e>mm-%& : ^ „ ^ ^ 

( a ) « 1 cotK* # * ( - - ^tfH^ atWiX^ * * 

WSttb-c^it-fili/c^) £ o . 3 %ELho* i o*JKt?#*i-*^ i 
'(b) itrfB^icomf4^^%^2 w7X*^^-c« (Tlc^^^^^^L-c^Stf 

<Dm<D3m±KS i Ge : C^e^*->^^»*^»±S i Ge : CSU>^tf**~>**' 

2 itria^iJBt-^^T. itufBfgio*«#^*<^ 2 b«bbs 

3. «rSB«»2«tfett*l«^v>T, ffffB^l07fc«^xj3i;^pjia^2 07K*^^ 
tt #| J| fi«j i- |W| - <o IKftS Sr * 1" & tu IB^«#^m O Il^fto 

4. HttB^l*^^^3«OV>-ftL^-olC^V^-C, l|}|B*2W**^W«La£l±9 9 

. 9 9 %&±x~&&Mm*mfcmwv>wk&i3mo 

•C* * BfflB^#^«^M^^o , 

8. fufB^fSl a*?»*7a©^f*L*-ot:iv»-C, ttrlB-xii^^v^;ve«M^S i 

G e ISFETOf >MHi*"?*> & ffiflB^MIfl^lt^Mt^^o 

9 ffflBJi,^ 1 Mfr hms T%<D\t*-riifr—o fc:fev>t\ flulB^ 1 ©**UM*2f* <z>^& 

OM:) IJ2H100 -e* * TtufB#S««^fBi}Tft° 

1 0. TitifB^IS 1 9:g©v*i**Lj&»— otc^v^T, KrsB^ 1 <DttWMxx?>*f;Wi 

1 1 friB^fSi^kiii o^ov^-f tL*»— ocjv>T, fltiafc 1 ^#*i®#i-#*<&w 

1 3 . ttrra^ l 1 2 Jiov^-f 3fci3V*t\ fufBH 1 <OlfiWR$r% 
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1 4 . TttffBJIfg 1 1 3*OVvf ft*— ofcisv^ fulfil 1 

x*f± 3 5 o -cafe a Bfriaw#^e^«i^^o 

1 5. HfflB®*13fi3&*&* 1 4^<£>V>-f oCiV>T, bubBII 1 O^ffyBfl-*^^ 
Xmi* 6 *<b 1 5 Tab^ltflB^S^S^M^^c 

1 7 . 1trSB®fS 1 1 6 i©v^ffi*-o|:|5V^, TtulBifl 1 WlSli 0 . 6 

1 9 . fufBJlfl 1 1 8^wv^T flip— oCiv»T, fufBil l OMftti 2 %u_t e 

2 0. 9aov>W-oi:^v>-c, bubBIH 1 5 

& H>rlB#«^S^^^fe° 
2 1. aTwig^tf«it««fe: _ ~ 

( a) m l £Ife*lS^*-&*>~>? >3kiK&®if**& l OAK"^*"*"** 

1 ^Mf4*^ ^nMt-t&xn ; 

(b) mmm i ojKfl-^^tfe&a^^w^^^^srt^^* 1 * 1 ; 

( c ) imzn?zmmmi<DWMv**m^x, mtmmm.^^^mi<o^.m±^s i 

2 4. frfB^^2 l«#>«b&2 3^0V^-ftt^-o^i3V^r. nmm 1 Ote^l± 5 %U_t 

2 5. mra^2 i^f>i2 4«<^v>i*tL*»— ok^v>t, itriB^ i <D*m%x<D*Lm 

{±9 9. 9 9'%JSl±-C**«riB^ajt#$l1l©««^o 

2 6 t>ria«^2 ia*?,*2 5®m*-r*L*-ofci3V^ tulBSS^i±tiC«^t ^ 

2 7. ttf|B^^2 UI^^^2 6^?)V>T tL*»— o^jsv^T. iygfiaS^fi^ y "f~M^- 1: 

* ^'v * tT * * v * ;vJf 3£M&J£^& ^lulB^S^S^^^^o 

2 8. iuIB^»2 l£*<b#2 7«©V>f*l*-ot*v^, ^f|BitT^^->^;VJif±H 

b To^-^«o-^-e^*tulB#*#^S<7)^^o 

2 9 1ulB3®i2 lS*?)i2 8:Emv$**Ltf»— ofc*5V>t\ TttrfB^-t: * * v ■YJWBttH 

i Ge^MI SFETOf-^^^«*ft"^**WIB i i fc *'»**^*ai^o 

3 o. jy.Troig^^tf^Wl^WS : 

( a ) $ i <7)7fc* #z * Ksmn^*^ v 9 y %it&m & & 1 <nmm^^ir & m 

(c) ffi»$tLfe«HB* 1 WJE^^^^ffi^T. ffBMf^©il«iW:^S i 
Ge ' C^t°^^'>^;VJf tfc«S iGe : C^O-^ tf * ^ v ;VJS *1&J&ir2> Xfl. - 

3 i. mzmm3 oac*v>t, «ria»i^)iB«-^oBi**^j(«wo«jtj±3 p pm* 
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3 2 . mtmm3 ovlk&^-c, mmm i (DWM^^^mm^m^^-Mma i p p 
3 3 . mmmm s o iji«^-c, ttriam i ©i^^^^Ki^^^isii o . 5 P P 

3 4 . tulBW 3 0 SU'is^T, mifi^ 1 ©K»#*<0»*#*tt»<&fcKtt 0 . 2 p p 

3 5. trismus 3 oa^js^T, m&mi<DELftifxv>WLm&*m®e>mmteo. i P p 

(d) tuisx® (a) <d&, mmxm (b) o^ri*. ate* i 2 

3 7 niriEJssM o^^i3 6«ov^-ftL^— ot^v>r, utriaxfi (b) fci5v>T\ 

1 wm if* * hm-t & xt ; 

( b ) mmm 1 os*^* «m<> titzmmmn is ; 

( c ) «#&§tL^firiB#i <Dfgmirx*m^-c, mtmmm^^^m 1 «>±®±i-s 1 

Ge • C^^v^SS^iS i Ge : C*Oit:^*">^*I*^)St*I8, - 

friaxe (b) k*5v>t\ itfrieffi 1 wiR^^iiBft**^*^*^*"^*** 
& \ mt^- 1 tz \t 7 4 )i> 9 £ a l TKrERJSS 2 *i * » 
39. tuia^3 smk&^x, mmimztzit7 4)\<?*mmL?zik<Dmmmi<v%- 

4 2. mra^3 s^j'jsv^T, unEjtt^st^tt^-f ^^*aau^o«rga#i «i 

tttf^oMHR^^jftW^**** 0 . 2 p p m^t-t?$)^tulfl^S#^«^^^o 

4 4. fj|Bil*3 8#K*5V>T. mia^lf*^{±-7^^^^M 1 -^^^ sB ^ 1<7>,S 

tt#*oafeSf&^*Mfotf>*K*i 0 . 1 p p m*fl|T?*S mrgS^S^S^^^^^o 

4 5. ituffiJlfi§3 811^113 5^^>V^TtL^— oC*V>T, TWIBfl 1 OUC*^* iiKzft 

(d) KflBX® (a) Ofc. muISX^I (b) ©iC, ftflfifM 

4 7. HirfBE*3 83W*e>*4 6«©^W-oi:*v>t, fTfEXfe 

4 8 . &TFV>Ml&*&tt¥mfc$iWi : 

(a) n^)±i?:Wi#; „ _ _ 

(b) frtB^l^MX^^^tL^S i Ge : C^e^i/^^I, --T> huiB^ 

3 X 1 0 20 cm- 3 J^T^^>9. m«^»?A^\ IX 

1 0 19 cm'HiT-e^c 
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4 9. mmmm* s&k&^x, mm^^ * * v ^ i^m\^u *°- •? > ? > v x * 

4 0 %T^^«#i«o , 

5 2. miE^5 lSCfiv^t, |}E^e^^^^^»tw#*tL*G e 0**14 2 Ofrb 

6 0 %T?*S*M*#S61to 

5 3 . ]^TOlg^ttr»ii©Il*fe : 

1 ^imttsi 1 tmm-tzJM ; 

(d) «»$tL)t-atriB#10*3RJDR»55rxS:ffiv^-r, f Etti^^^i 1 ^±I^( : 
S i G e * Cit^^y^;Ht/:iiS i G e : C&O^tf * *3&J£'*'*^® 
, ■SfrfB» 1 o*SE»± 0 . 6 %JBJl_h (^fc < t * 0 . 3 %JGUn?**U* J: v>) -efc* 

5 4 . mran 5 3 ij^isv^T, miam i o*Ks± i %jsuit* *tfria#*fc§6ii<D»$i 

5 5^ HU1BM5 3 £^£5 luiBil 1 <*>*&« 2 96J2U: 

5 6. #f1BE#5 3a*5>i5 5«WV>-fn36»— at^K, TtufBlil 1 <£>*J£t± 5 %W-h 

5 7. BUSB^5 3^?>^5 6*OV--ftL^-OlC^V^-C, TtftlBll 1 <75tK*^^O^K 
(49 9.9 9 %JgJL±-C* S«TIB^»#«1lO*jfi^feo 

5 8. t>lia^^5 3 3W»fc#5 7 3lWV>"f otliJV^-C, HUgBK)S^i4^*M^ K ^ 
^ -> V cd tT * * v * JHfllElSIfl) & HulB^#^«oS7t^fe 0 

59. wmmms 3mfrbms sm^irthfr-^^&^x, muKiBm^y^-m^ 

B T CD^<- Xfl^c 7 )— f|5"C^ * ttf|B#-^#^*COMit^^o 

6 1 ttrIB^5 3^j6»?>#6 Oilcov^-f tt^— otcisv^T, itufB^-t^ 3f~> ^;vJfiiM 
^SiGelMI S FETcD^^^;HI«*^ttrlB#«^eco^at^teo 

[0019] 

« & -c $ *t & §iK o ? t> > ft^ift * % <o k x o t # h tt £ * k mm 

■tfLii \>XT<D t&n xh %> o 
[0 0 2 0] 

itf**S/*/l/jfcBMwJ:^J£S*LSS i Ge : C^I^Sti^l^IK^fi 
atiifc^^^ HBT^-^CS i G e : C£fflv>T*>, K**^#fi«»tc 
iSLf^^'J7«7^f7^^A©fiT^KCc:t^-ClSo ^O^JpbiiLT. h F E * 
[6]±£«£2:^-C!;£o ZhK, HBTO^JfcliMI S-FEWHM:S 
iGe : C£JBv^T£, m^Jli'-^^H^^^^^^Pi^&^^^co-e, u-^*at* 

M l , * r&j-t-r a - 1 % & o 

[0 0 2 1] ^ ^ 

J^TC0«cof^tij3V^i±M±-?-co^^^t ^14. »co^r^->3 >f 7ti4^ 
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[0 0 2 2 ] s 
[0 0 2 3 ] 
[0 0 2 4 ] 

[0025] _ 

[0 0 2 6] ^^ m ^ 

-Cfcv>&IK^$tL*:^-£lfc§, TFT (Thin-Film-Transistor) iiO'STN (Super- 
Twisted-Nematic) T&JMfOJ: ? fctf^^^O^a^-tfcffc&fr* * O^fe^tr % 

O So 
[0 0 2 7] 

i^wc^^ti, « t ^ > m: i * — w # * <om ffi k ± * sc j&^<^« # * 

[0 0 2 8] 

£33, «t^i:ov^MtU^i, ffi^^*6 r^^^J f»-^<> ^ 

[0 0 2 9 ] 
[0 0 3 0] 

(|y&<z>Mt i ) 

[0 0 3 1 ] 

ff\ Bli^tJ:^:, Wl^fflft^o £<0«»©a&Kl«\ 
KJ; S9«^^7^n + McOvV n^#.|±H H a^ | b£ ! 9^ ^<7>«^SW\ 01 xl* 3 #><b 6 mO 
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200 ^400 nmgt®LOCOSS«3 £M 1 Of^lll^Mt & o - 
co L 0 C O S SHUil 3i:io 1 ©fttW«*^ s » -toft, ±iBS/ U 3 yffi 

5 0M 4 0 0 n m@KcO-> 1 ^^^H H H )»5^jlllW«i-^o K«K4lt WitfTE 
OS (Tetra Ethyl Ortho Silicate: S i (OC 2 H 5 ) 4 ) (Os) "£-f* 

v v n > m^ii «: i^-r * - § a o :oy'j^ mitm a > m-ft «^->'j3 

i^HsUti^:, MUii^ U?50*^ 2 0 0 amgS«yP>Iftl 
6#J:lfl*£50tf»fc200n mUK O iNUKJR 7 *lfi^cit«i" * o 
[0 0 3 4] 

'J 3 >fflttK 6 £ J: V 3 >#*Nf.ISI 5 fcJOUfcJ- ? ^>^U H B Trt^JjfcS ^*ffi« 

o colS, y^>#fi B B a I5W«I4©-lf^ I ^ x ^^"^ t > 10 

n mSgat <Z> BR W * o 

[0 0 3 7] 

0 7 i^:>iSl (nvxJV2) ©jSttl««iIC SiGe :C^x 

K'ttS i G e : c«M*Sl^tSo 

[0 0 3 8 ] 

(Intrinsic Semiconductor) S i G e : C (J21T\ i - S i G e : C t&-f) 1 

0a,MS^«^P + a*»* SSiGe:C P + -S i Ge : Ciisfi 

1") 10 b. Wfl5i:«S©P"lW*^ S i G e : C (J21T\ p~-S iGe . 
C fcEi") lOciitfSilOdHftio i-SiGe'-ClOa. p + -SiGe 

. Q \ o b p -_ s i G e : C 1 Oc^S i 1 0 dOj]|L£ti, 3 * 

43 0nmilJK, 3*&8nmilt, 3 1 0 n £ 5 5 0 n mllfC*4. 
[0 0 3 9] 

m9K i -e* a h b t o^ - * kjb ^ )vmw.<vm 
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%:|§^k&&o 8 4 y^-$-%t>% 2 0 Ommlfcli 1 2 ^ V^-$"£*?*> 3 0 Omm^±t 

^m^mitm^^^tm^hiv^) 0 i l^^&^-f 

XfX7r/MGLPi, H 2 . SiKH (7K«) S^L<I±C1 K^** 
jg^i-S^. -Witti S i H4, Si2H 6 J/:liDCS (Dichlorosi lane I S i H 2 C 1 2 
) Ge * 2T* («x.tfGeH 4 ) , B JdfBa He) , As 

fr^TTS^* («x.lfAsHs) , C (fl*.tfS iHsCHs) 

-Wx-tf S i H 2 (CHs) 2 , S i H (CHs) s2fct±S i (CH 3 ) i*IV>Tt 

iv> 0 hc n±s in^tHiiKftt^t^^ (s ixH 2x+2 ) *&mi-zm$m 

^V9*i/vA'l&&<Dmz\mm.-T?$>Z-t>** DCSf^C lJR^*^tr^4r'ffiffli-*IR 
[0 0 4 0] 

*cV U 7*^t*SH 2 (OlI!iv^7n-3> hn-t/MFC 1 I* J: DMEStU * 

tt&o S i H4if:tiDSC©lIfm7n-n>fn-7MFC2 *K 

G e H 4 Wliim7n-3nn-7MFC3 J: 0 IMfcStU 7^ 

X7n-n>fn-7MFC4 t:i *) *LfcB 2 He K^A ? * - a> 

-7MFC 5 I- J: $*oaE*#P*ESftfcHa#«'fr3*i/C, * >f 7 >r_> 

MGLK***a«r^B 2 H6li*«l$tt*o M$ti/:B 2 H 6 im7n-3nn-7M 
FC 6 £,£ 19 *<0«E***WH£3*U y7"n«^7^>MGLCI 
1 l^ttltS^&o 7FSftim$*t^B2H6l±^>' > (Vent) 7 >f > 1 
2*fe«*t**t*o 7X7D-nnD-7MFC7i:iH^Ii«?^ 
A s H 3 [:^7n-3> >n-9MFC 8 i:i «3 *<r>mAi)m&* H 2 tfC 

^ ^n-b*^?^ >MGL«#^ffrKA s H 3 {i«^fL^o tf^^A s 
Hsim7n-3> fn-7MFC 9K<£ O^^aEi^P^^^ y*»5>^>f 

A 8 Hstt^h?^l 2*e>SMtC$*L*o Sfc. YX7n-nyfn-7MFC10 
izX t)^(Dffi,mm^fr?zS i H 3 CH3i:-7^7n-3> ^~7MFC 1 lCiH 

i H3CH 3 li»it^o *JKS*LfcS i H 3 CH 3 l±^7n-3>fo-7MFC 1 2 

k j: «9 * (ommmm $^ ^ 7 ^>^?»^^>^a-b^^7^>MGL ^as $ *LT 

*3W^fflv^H2<^«flE»±9 9. 9 9 96JJJLL 0»AB#^*fr*>#>^£fctt'>V 
V&nBZ) ^ 0 2 iSI±3ppm^T, N2«Hli5 0ppm£lT-e*»), H2tt»*X» 

h&i 9 9 9 9 9%^h 9 9. 9 9 9 9 %tfcte-£fr&-£<Offi.g.£%2>) fcSL"C:fc»K 
YX7n-3>>n-7MFC 1 l^af$*L*H2<O»#*^W*^>*** 4 0^0 3 p pm 

[0 0 4 2] 

S iHsCHsii. ^ > ^ K 7i5* $ 1iX if^Wl-xk^ —jjfrb ^&#$!HiI»^iR3i £ tL & 
mk*^*y"7 y %\^mjf^ t LXCDiSkm 1 0 0%^S i H3CHsfc#i*L&flfe*S$ 

e : C*m&1r&m. -^m«^»^S i Ge : CPjUtSo 

0 1 Oiif IftffiO. 1 %0#fKL&v>S i HsCH3*JBV>Titf**->*>l/j&Rfc J: D 
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MfcVfcS i Ge : C 1-^-4 tLA^ittWOS IMS7"a77^V, 111 (a) f±. Si 
H 3 CH3*«fe-f K^tr^^">^^S^i «9^*bfeS iGeOSIMS7"n77^V 
t*j s ai 0Wi^, S i Ge : CWGe^A$*LfeaJfi-Ct±0«KO5*4 
±iin*JL6^ OWl0 18 cm- 3 a±^^tv^ 0 L*U Hill (a) Htf** 

J: »J&L^S i Getlt H*^iWWfllKtt*ftWIS*^T 
fc**o "t"ft*>t), S i Ge : CWxtf^^y^^jS5Hi:ii, GeJI^^iotS iH 
sCHsfc^f tLamfc^ilfeW^S i Ge : CCl^l^ ^©fllMlt Ge 
^S^tiCftK^Sn-t&^^iBtni-* fc#x.e>tL4o -tUi, SI 1 (b) KjF"* 

S i G e I CK«:KaR**^ttW*«&1"fc#fc : ^ Ge««ifcttCilS*»f) 
titWf^o L*U ^f3-ta«.JftWS i Ge : C*ra&-r*fc*>fc*i^ G e 

[0 0 4 4] 

««ltt±, ffi«JK<7)S iHsCHstfflv\ t ^£ H 2 X *) mHV 
-C**>'^&tert&ZtKX*), C*tJK£®i)££*S£i:&< fr>sm<7>S i HsC 
Hs^?)IA§^S»^»^M^ft«L. j£l£S*L&S i Ge I Cfc^tLSBfc 

CioTttciolEH^IRJfeS^^ifctti t i*)t?**) „ 0.2 
[0 0 4 5 ] 

-m~S i H 3 CH 3 <«K«6i\ S i H 3 C Hs \Z&t ftaBfe*^*»»K*i 1 0 
ppmt^O^^ ^fX^tt^S i H3CH3^4ttSiffi»±0»**^*ll«ai** 
ftJfL^o HI 2C> S i Ha C HsIK * i I: ^ * ^ <> 

±©m**^«»oaiKtt. IRL/ctEl 0%OS i HaCHs-Cttl 0 p pmX 1 0% 
= 1 p pm, #fXLfc?«5 %^S i HsCHs-eiil 0 p p m X 5 % = 0 . 5 p p nu *r 
JRLfcfcS- 1 %<D S i H 3 C Hs-eti 1 0 p p mX 1 %= 0 . 1 p p m, *)RLfc*K0 . 1 
%(DS i H 3 CH 3 -ei± 10ppmX0.1%=0.01ppm£&<9> Si HsCHsM* 

B l 3 6 S i Hs C H 3 *#3RLfe»-fr^^»t*BI**^jMl*aiK©<S:*a** * t tb 
h (a)liill%^SiH 3 CH!*H2tfKL» ( b ) itWkBt 5 %<D S i Hs 
CH3^H 2 tfKLm> (c) ftlI10%WS iH S CH3*H3-C»tU»f© 
jftjfc^fc^u (d) tt, J«0?c&K«LL&^S i HaCHs^IlS^^to *«IL 
MtJK 1 %s 5 % * fctt 1 0 %C0 S i Hs C Hs C COD N (Dopant Number I » 

^0 0 6 ttth X 5 fc. Si HsCHs (MFC 1 0) OflfLi (SCR). H 2 (M 

fci i) <oms. (did si^ia ^>7-o^^ 7 r/MG 

L^Mti&S i HsCHs (MFC 1 2) WifEfi (IN J) ^£tv^ 0 DNil±S (1 
[0 0 4 7] 

DN=INJXSCR/ (SCR + DIL) K ( 1 ) 

01 3*6, S i HsCHslStilWIISWW^ fc4RjfeLfc#£\ W 
$MSiH 3 CH3©li (IN J) #ftUV«0.1%«SiH 3 CH3^II ( 
SCR) tmt6 0 s c cm-C**Ltf, S i H3CH3^«LT««,W»©Mi 
Wv^tWSo L*UfrJRS*LfcS i HsCHs ©M (INJ) *±itni"^ fc* 
#3 *Lfc S i Hs C Hs (INJ) KRJfcfll LT»*»S o 
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0J ft*: S i Hs C Hs (IN J) #3 0 0 scc mT^tLif, 1 % 

5%Sfcl±l 0%OS i HsCHa^tfLtfflW;^ ML^^SSO. 1%C0S 
i H3CH 3 *ffl^mi «3 fe»*^JWW*iES: 1/5 tMtS^^^o * 
> WjLtftfJfcSfUfc S i Hs C Ha^Sl (IN J) ^OOsccm e&*Ui\ 1 % 

, 5%3:fcJ±l 0%C0S i HsCHs^ffltlv^;^ WIL&WMtO. 1%<7>S 
i H3CHs-4rfflv»fc»#.l: <9 fcm*#^«4fe*Kfc 1/1 0 - £o 

[0 0 4 9] 

SiH 3 CH 3 *$li, SiHsCHaOlt (SCR) fcHatf)** (D I L) t* 
m^Xfem-tZZttf-CZ, fulfil (1) OSCR/ (SCR + D I L) t^$iUo * 

S) o MfciiLfcl&Hi: LTl±3^<b 5 0 fcfr*^ $f,i:4*5» 2 0©«W S 

[0 0 5 0] 

ftfc, **UT#* (H 2 ) {±2 0 s lmi«It-t^^OT, amSttfcS i 
HsCHs^it* (IN J) ^6 0 s c cm^^ 3 0 0 s c cmi:Hx.tk *-0^ft&2 
4 0 s c cm/2 0 s 1 m= 1 . 2 %-C& *K SfctfttSftfcS i H 3 CH 3 <7)it» (IN 
J ) ^6 0sccmi^6 0 0 sccmi:Hit^ *(Dmt\± 540sccm/20s 
lm=2. 7%-e*^»t\ S i HsCHs^tt (INJ) Oiiinte, i If /H£ 

[0051] ,v ~ -n , .* 

ZbK, ?*J^1%> 5%ffelil 0%OS iHsCHa^Uffl^fc^, ^fKL& 
v.jftjgo! 1 %OS i HsCHstfflV>fc*fri 19 % S i HsCH S O?H*t*i0 f 3^ ^ 
7*-7^^»t5^niS.@14 (a) ^ ft^tLfcS iHsCHa^fi 
(INJ) *«3 0 0 s c cmm*i«l%, 5%t?z\±l 0%OS i HsCHs^ff 
LTfflv^i^S i HaCHsClW^tl^^SO. 1 %OS i HsCHs^ 

i HsCHsCOtiftitOlb^^L. IWJIU (b) mRZKfzS iHsCHsO 
it* (INJ) **3 0 0 s c cmlZ&i1r2>mmi%, 5%ttzitl 0%<DS i H3CH3* 
*tLTlV>fc*fr©3^ >^7*-^>^fc*«lL*V>jiflF0. 1 %OS i H 3 CH 3 £ 
fflV>fc*fr©3^ h/^t-V/^^Jtt^U raia (c) K,_0. 1 %OS i HsCH 
sKSt-T&ifeKl %, 5%^iy f 10%«SiH3CH 3 ©«&jt^to 3^.h/N°-7^- 
(2) -C$f£tl&o 

[0 0 5 2 ] _^ 

37 h7-?7*--7>^='(ffi^jtX»iE*Jfc 3* (2) 

«JK1%. 5%tfcttl 0%OS i H 3 CH3t«ttffl^/;^©S i H3CH3MS 
*«\ *JRL4v>$fcfl?0. 1 %<0S iHsCHs^V^ft^S iH 3 CH3lff©l/ 

JK1%, 5%i5iy f 10%©S iH 3 CH 3 S:MUfflv^^3^f^7*-7V7 
tt ^n-TtLO 2 8. 0.3 9*^:^0.49^415, 5%&£V t l 0%(DS 

i H3CH3**JRLTfflv^*^-0*fflli, *£0. 1960S i H 3 CH 3 ^v^c^O 
0|*j 3 0 °/ck $*J 4 0 i TO 5 0%^^» 

[0 0 5 3 ] , i8irf . 
fc^^-C M^L/ci9t'> S i G e : C fr*SE*SPF*Mfet±, G e sr a 

fetic«fl?**3«ini-r*tflfe^iijn-f * (miami ofi^si i#M) .8i5t, ci 

^^5^-^ ttfrS i G e : C l^f ii^llMilffi t G e IK 

1"o HI f MUi*fXL£v*S i H 3 CH3^ti«^/:S i Ge : CO»^« 

fciftBEfc^U Sfe«tii#3R*^W»K^S iH 3 CH 3 *fflv>«$^S i Ge : C 

[0 0 5 4] 
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^JilfHBT©^-^i:ffiV^iU SiGe! Cl^WGeilSlt 10^40 

*£/Bv>e>*L4S iGe :C(:ttWGe», 2 0 6 0 %*H**»tt**H c 
o M^LfettHfcU-ri±2 0tf*<b4 <)%**#*. 5*&3 0%oOf& 
[0 0 5 5] 

HBTSMiMIS • F E T^O&W&B&Z tLStf^WISli 5 X 1 0 19 cm 
- 3 m±t#£^^^c HBTI/:I±MI S • FET^II«t'^|»Ii 
Cov^TI^ ix.(f5Xl 0 19 cm- 3 *l«^iltW tm*.htiZ (IffCij 

flLftf*Lfcv>S i H.CHstfflv»t»JjiSWC««lx 1 0 20 cm- 3 OS i Ge 
•CTIi GeiS10^?)60% ^tEH^S**^****^* 1X10 cm " UT fc 
i*9 i©S i G e : CfcHBTSfctiMI S • FETKfflv^Cfc^lS, L*U 
c*k**i X 1 0 20 c m" 3 i >J & A < fc»*^*ftW*K<&**fin<&;fcJ&. S i G e : 

C^HBTO^-^i^liMI S • FET^f •V^i'f 1 T^If L < & -5> o f!)x.i£ 

#HUV»S i H3CH3^v>t«WClS2X10 2 »cm-^SiGe.Ctl± 
GeW4 0%aTt«^i«ttlXl 0 19 cm- 3 UTt&*K HBTk 
ffi v> & i 1 § a G e 4 0 % Sr »A S 1X10 cm 

- 3 m_Lfc^»5 gMC^ttt, MIS • FETClv^u}:M(:tl^{^^ 
o 2bK, *5fcL*v*S i H 3 CH3^jl^TM$WC»« 3 X 1 0 20 cm" OS i G 
e • C-C14 GeSK^l 7%^liUS«M» lxl 0 cm 
<K S«C^tii> u(7)S i G e : C^HBT^-Xl/ci±MI S • FET©f 

-e^ 5 ?JlLl%^ 5%f fetil 0%<OS i HaCHs^ff Ltfflv^ifcia^ C 
ifcJK&geWfc^ SiGe: Ci:^tit^lW»I^^ft«tS„ Ell 5 tli, - 
MtVX, t*^#fc»H* 1/ 1 0 i:ft*LfcCiH2 X 1 0" c m-^OS i G e : 

*)RLft*Kl%, 5%££l±l 0%©S i H 3 CH3*fv^o 1 
/10Cf«tSiti:i^ GeS» s 60%t«|MWlX10 cm 
- 3 J^Tin^t^l^^ CIS2 X 1 0 28 cm- 3 ©S iGe: C£2 0^60 
%©GeIS^fct^MI S • FET«f^r^;H:t«v>4:H s tiS, 
CiftJK 3 XI 0 20 c m -3 CO SiGe : C C^V^t, a&*SWW1&*JJe * 1/10 
■TSifc^J: HBT©^t!feliMI S • FETWf ^^^^5 ^ fc**lTffik 

0 16 ^LfXL&^S i H 3 CH3*fflV>T^$*LS SiGe: C*3 -fclWfcLfcift 
HftcoS iH3CH3*ffiv>T^^S iGe: C^Wi«M«lI«fcCl 
SEi:o5BB«*^o G eittl&fi 1 7 %TNfc «L£«ScoS iH 3 CH3*fflv^f 
mZti&S i Ge : C^tt^^ti^WK*^ ^rfXL^v^S iHsCHs^^T 
3^Jft$ttSS iGe: C^^^tL^m^^^WfficOl/l 0T?*4. 

G!is^4, C*«***inrr&fc. SiGe: Ci:tt^«ll«IIS 
mm-TZo mRL^S i HjCHs^v^IE^SS iGe: Ctli, C*fttf*3 
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x 1 o 20 c m- 3 zmtz tmm^mmmit i x i o 19 cm-Hu^^), H 5.^^ 

-^fMiMI S • F E T © f t ^ ^^©Sffl ^'1 L < 4 S o L^L. Sfr^LfclflSiftK© 
S i HaCHafcJf v»-C5&j£3*L2>S i G e I Ct?ti, C»JK**5 X 1 0 20 cm' 3 ?:lU 

1 x 1 0 19 cm" 3 £U:i4Wt\ «L&v>S i H 3 CH 3 ^ 
xmiztiZS iGeiCiHSiGe: C^ttL&CiftJK*ifi5<-r*-i:^^* 

o 

m-T&o Ml 7ti. it^^v^^i:i3V^^(7)v^7D-3>>n-7 (bubBH 
9#hb) HJ: OWSESttS^aEMO— «*^U H 1 8 W\ ^^7n-3^n 
-5lCj: J3Hft3*L4 3Sr*St£*fcl$PI (Duration) fc <7?r*l#^^i"o HB TO^-Xli, 
i - S i Ge : C, p + -SiGe:C, p"-S i Ge : C^S i fcTfr&Hfc" 
*3->^;VJ«KJ: W&£*^a«fi^t-C**K i-SiGelC, p + -SiGe: 
C*$±O r p--S i G e : C<Vl&&l'\mmi%<VS i HsCHsiffiv>TV>i, ££TN± 
N ^-Xtf5iII*pltta/:^6^ v^7D-3>FD-7MFC4, 5, 6 SrUHtfC 
SiGe :CCBWt^^ vX7n-3yhn-5MFC7, 8, 9l±Si:tAs 

^tUH2*lv> ^7n-^Fn-7MFCl *ILt-g«'Ii (2 0 s 1 m 
) ct>^V7#^Wtv^ 0 if, SiH 4 (JfcliDCS) ^^GeH3^7 
n-3>hn-9MFC2, 3 2 0#Kf ^r>^M$^, i-SiGe: 

C ^)££*u ^trS iH 4 , G e H4*3J:0 ? H 2 l' ± f;^m$tL^B 2 H2^^-70- 
3>>o-5MFC2, 3, 4, 5, 6 3 O^ftW^ft^tlt, p + -S 

i Ge • C^^^tL, &vv?S i H 4 , GeH 4 i3j;0 f H2^i^«^tL/cB 2 H 2 ^v 
X7D-3VhD-7MFC2, 3, 4, 5, 6^IH0ff B 1f YV^ftl&^ti-r, 
p--S i Ge : C**5&£3*l*o -tt^S i Ge : CODSCIt ^^n^y^n 
-9MFC10, 11, 1 2*j§»K Hal- J: ^ 1 %*> S i HsCHs^f 

* W<^ft*frS*L&o CtUii 19. C?AJg«-«i-S- fc& <> i-SiGe:C, p + 
_ S iGe-C, p"-S iGe : C Cti ft^tiMt^W^ i ^•Cil.o 
#CV*-C, S i H 4 fcJ;^H2i:J:f)ft?^B 2 H 2 ^X7n-a>fo-7MFC2 I 
4 5 6 *1H0W^^^^ Si«$fLS 0 DCS*fflv^« 

J 0 0 6 2 ^ 

mi 9t^ti7^ i«i±^im «x.tip o;» 7»n$tL/~> 

3>£ttfiKl 3 *r-*-*o JPXStLfci/U 3>^tt*ill * 

$ tt & 75 s , * ft h <D m m £ £ OWJ tillt * o 
[0 0 6 3] 

JfMM^Wi 1 t?tt, HB Tco-^-X* i-SiGe :C, p + - S 1 G e : C 
p--S iGe: CfcJtfS £ fiMRfcZ tL& *> ©ttt 

i<. fllxifi -SiGeiC p + -SiGe iCisilFS i L "XT t> 

J; v> 0 

[0 0 6 4] 

H2 J: ^)«U i*L*^>f i/^o 9 >f ^MGL^IUf 

fcfcJ:lK S i Ge • Cl^iti^tiW^^^^^^^ * >f V7n-fe* 
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«iwrf»iWlJK (m»m^««^©v^ co) COS iHsCHs«:*fflt4W** 
o H2 0 (a) K> K»«OS iH 3 CHj*»fflUi^^*'>^^8«OBff«ji^ 
■To rco^-Sli, *figE*±H'* t S i HsCH 3 co|tW^< fcv»3»«d»**o 

frztf Fjn^i-^^*, o . 2 %m±o . 3 %*^offiia^^^ Vi o * tc±BB^*sffli t ra 

C0&C0£J3^T& &V> 0 rpmEE&ZV t 'fci&&< / > i && ii - ltu§S#ltftf!)fcR#^ RtBS 

> ^ft^w # * m <?> mm^mm w^mm a jb ra sis t jor-t & t ^ -e * * ^ > 

£ 0 0 6 7 1 

£ /■* iWftco t 'J 7 ft** ^^-f>"7°n-feX if 7, 7-f>MGL -^sEI'^r ft & & & o EI 2 

0 (b) fc, ^t'J7**XCUS i H 3 CH3C0«^ML^^ti o ^^~>Y;V^«C0S5 
tfM^^Vo £C0^£-Ci;i. SiHsCHs*l/10*fel/10 0K«L C, ^ >f 

^coltM'! H&*&<Z)S i H3CH 3 B 2 i:^«U 

»©IEMLt, SI5*L41^ttS i Ge : C{:ti^SHf^»©W 

1 x 1 0 19 cm- 3 aTCilW^ £*UC ± *9> HBT^-Xi:SSittS i G e j C£ 

^ c KlltlR^SrjBHfc-rsiSSi^WB*^^"*^ fc**^*^^ S i Ge : 

C CO U - * ««E*<g;M-r * - * * o 

^-^©Wl?*o-Clv>) -CfMBWafeK^* (0. 3%&±<9 2f*Kl&<b&V\) £ 
fIXtt, SA-T^o ^com^> «§W^»^*->7>»» 

[0 0 7 0] „ 

* £ i: £ ^ o 
[0 0 7 1 ] 

(^JfeCO«B 2 ) 
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tfL/cS i Ge : CllM©^k iMz7FMV}"0$> § ^ TtuBB^Wls 

[0 0 7 2] 

v>T Mxlff^ 0. 5 / /mgt«nl©x^^^yt;i'12 2 l±^*i"4 

o «v>r, «2 1 (Dm^mmmzm^ 200^500 nmgsoLocosm 

2 3 Sr^JafcL/i^ jiTi^^v^;VJS2 2 0^f56©1H*ftt* nSPM**K flfl x. P * 'f * > 
ftXUn^x;V2 4WL, R^-^tf^^r'>^^»2 2<7)pJfg(7)f,ii:pS» 

[0 0 7 3] 

12 3 9 ^ *«1±KJ*5 1 0tf»<b 5 0 nmgMiI2 6 W 

->'j3>» B H 12 7*i: TOl^m 26* JK^ y > 9 L . HBT ^iS 3 *l a Mm 

°H2 l^tiM- «2 l±fc, S i Ge : C fr^^tt^**^/^ 
ft|:i»)^L"C, HBT^-^2 9*Mt*o ^<-X2 9fi. fiB*t©fH^ 
HBT^-^ 1 0 tmffiiK, i-SiGe :C29a, p + -SiGe:C29b, p" 
-SiGe , C29ciiD f Si29 d i - S i G e : C 2 9 

a p + -SiGe:C29b, p"-S i G e : C 2 9 ciS^S i 2 9 d«!:li, 

tuifi^jfeo^ 1 Htr mm 9 ^ l *m *. it ^ t? 9 * * * ffi v^s 0 -r & *> 

i - S i G e : C 2 9 a, p + - S i G e : C 2 9 b & X tfp " - S i G e : C 2 9 c 
ttitmmz. \£ 9 * v * ^Jfcft £ J: 13 & Pi£& m^tt^ tf * * v ^_;vj£S R»K ^ 

^»©IM«tt, $J§l$iL£ S i G e : c^iii^tW»»M* l x 
1 0 19 c m- 3 mT«^£«- fc**-C§ &° 

° ii 2 5 k^-t * 3 aMR 2 1 ±Kmmm 3 0 is x &*/ v 3 y^m^m 3 1 &mi 

#U f !lk tfCVDfti:J:5 if 3*1" * ° mmm 3 0&X Tf*s V 3 > #fe H H H M 3 1 <7>ff £ Si . 
01 x. if 3 0 *« «b 8 0 n mgS"C*4 o 

[0076] , 

5 y*Wn»3 4«n o «V»T, Ml 2 l±i:nl», fH^tfP***lHlS*Lfc 

y^^m 3 5&x vmmm 3 6 <Z>J¥ $ ti> Mx. l 0 0 * 3 0 0 n m«-c& a o 

[0 0 7 7] 
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